Introduction
Because of an increase of transmission capacity demand, driven by the internet and the fiber to the home, cost effective solutions for upgrading the fiber network capacity are required. An increase of the bit rate per wavelength beyond 40Gb/s is an attractive approach to further reduce the cost/bit. Several Nx160Gb/s DWDM/OTDM transmission have been reported recently [1, 2, 3] . Up to now most of the Nx160Gb/s experiments are based on electro-absorption modulators (EAMs).
Semiconductor-based all optical devices that provide 2R/3R regeneration and wavelength conversion are increasingly becoming mature. They are envisaged to replace optical-to-electrical-to-optical (OEO) units in future transparent networks. Here we report on 8x160Gb/s DWDM/OTDM unrepeatered transmission experiment over 140km standard single mode fiber using DBR mode-locked laser diode (DBR ML-LD) and hybrid integrated Symmetric Mach-Zehnder (HI-SMZ) demultiplexer. A particular focus will be on all-optical devices for ultrafast transmission.
Semiconductor devices
The ML-LD is composed of four sections: a saturable absorber, a gain region, a phase control region, and a DBR region [4] . Required characteristics of the pulse source are: an exact synchronized digital hierarchy (SDH) frequency of 39.81312GHz, well-controlled wavelength, transform-limited pulses of about 2psec width, and a timing jitter much less than a bit period. In case of hybrid mode-locking, injected RF signal reduces the timing jitter and synchronizes the repetition frequency with an external clock frequency. The timing jitter is 160fsec, which is the limit of the electronic synthesizer. The pulse width is about 2.3psec and the spectrum width is about 1.6nm, which is nearly transform-limited. The wavelength is 1545nm and allocated exactly on the ITU grid.
In the SMZ optical switch, phase control of the MachZehnder arms is very important because it affects the extinction ratio of the optical switch. In answer to this situation, HI-SMZ switch, with two phase controllers on a PLC platform, was developed [5] . The Mach-Zehnder interferometer of the switch consists of two 3dB Ybranches, two thermo-optic phase controllers and a 2-channel SOA array. When the HI-SMZ optical length and branching ratio are adjusted according to the phase controller bias and SOA current bias, the extinction ratio of the SMZ optical switch is 30dB.
Application to 8x160Gb/s transmission
The schematic setup of 8x160Gb/s transmission experiment is shown in Fig.1 . Eight wavelength channels are generated by the following way.
First, 40GHz pulses are generated at 1545.3nm (194.0THz on ITU grid) by a DBR ML-LD. Then, 40Gb/s RZ data is encoded by a LiNbO 3 modulator. The 40Gb/s RZ signal is then spectrally broadened by selfphase modulation in a 2km-long dispersion flat fiber (DFF) with a normal dispersion (-0.2psec/nm/km). After the DFF, each wavelength channel (ITU grid: 192. .2THz with 400GHz space) is sliced from the super continuum (SC) spectrum by the arrayed waveguide (AWG).
Fig. 1 Experimental setup of 8x160Gb/s transmission
However, the seed signal channel (194.0THz) has a large waveform distortion after DFF. So we use the 194.0THz signal directly from the DBR ML-LD. The channel spacing of 400GHz corresponds to a spectral efficiency of 0.4bit/s/Hz. The AWG has a Gaussian shaped band-pass characteristics with a 3dB bandwidth of 1.8nm. The pulse width is determined by the bandwidth of the AWG and is 2.1psec. Pre-comp.
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Next, to reduce the coherent beat noise from adjacent channels, the eight wavelength channels are multiplexed by another AWG, which has a flat-top shaped band-pass characteristics with a 3dB bandwidth of 2.8nm. Total adjacent channels crosstalk is less than -30dB and nonadjacent channels crosstalk is less than -80dB, for the 2psec SC pulses. We found that optimum combination of the two kind of AWG is the key issue to obtain high quality DWDM short pulse source. Each wavelength channel is then optically time multiplexed to 160Gb/s by a multiplexer made of a planar lightwave circuit.
As shown in Fig.1 , the transmission line consists of a single span of 140km SSMF. The loss of the 140km transmission line is 30dB. Both pre-dispersioncompensation and post-dispersion-compensation are used in our experiment. The first DCF for precompensation provides the dispersion compensation for 100km SSMF span. The second DCF for postcompensation consists of combination of negative-slope DCF and positive-slope DCF and is placed after WDM demultiplexer at the receiver. The post-compensation is fine tuned to fully compensate both the dispersion and dispersion-slope for each WDM channel. Accumulated dispersion and dispersion-slope for the transmission line are less than 0.1psec/nm and 0.1psec/nm/nm, respectively. It is found to be critical to realize error free transmission for eight channel 160Gb/s signals.
In the receiver, to suppress the crosstalk from the adjacent channels, a 4-stage cascaded tunable optical filter with a bandwidth of 2.8nm is used as a channel selector. The 160Gb/s data signal is optically demultiplexed to 10Gb/s data signal using a HI-SMZ optical switch . The HI-SMZ optical demultiplexer is operated with the optimum parameters for each WDM channel. The control pulses are generated by a tunable mode-locked fiber ring laser. The 10GHz clock signal is WDM-transmitted at 1563nm.
Transmission results
The results of the back-to-back measurements are shown in Fig.2 . Only one 10Gb/s OTDM channel for each wavelength is shown since the difference in sensitivity between the different 10Gb/s OTDM channels is very small (less than 1.0dB). For a BER=10 -9 , a DEMUXed receiver sensitivity of -34.0dBm is measured for the worst wavelength channel and variation of the sensitivity for all channel is 1.5dB. The difference in sensitivity between the DBR ML-LD channel (194.0THz) and the other channels gives the penalty due to SC pulse generation, confirming that the penalty from SC is very small. Compared to single channel (193.2THz channel) back-to-back experiments, the penalty for allocating 160Gb/s on a 400GHz grid was confirmed to be less than 1dB. This is owing to the optimisation of both optical pulse waveform and spectrum.
To balance the trade-off between the penalty due to the fiber nonlinearity and the signal-to-noise ratio degradation, the power launched into 140km SMF was optimised to 14dBm per channel. Figure 2 gives the measured BER performance of 8x160Gb/s DWDM/OTDM unrepeatered 140km transmission for each WDM channels. Error free unrepeatered 140km transmission is achieved for all DWDM channels. The penalty for transmission is approximately 3dB. We can see that the penalty difference between different channels is very small (1.5dB).
Conclusions
We have demonstrated an 8x160Gb/s (1.28Tb/s) DWDM/OTDM with 0.4bit/s/Hz unrepeatered 140km SSMF transmission fiber using DBR-ML-LD and HI-SMZ demultiplexer. Error free transmission has been achieved for all eight DWDM channels. 
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